Aeration as a factor influencing root growth has been investigated repeatedly (8, 12, 16) . Root elongation has been found to be especially sensitive to aeration, 02 being the essential and morphogenetically effective part of the air (9, 15) . The results of investigations on .the effect of aeration on root branching are not in accordance. There are observations indicating increased number of laterals in nonaerated water cultures (7) , whereas other reports describe decreasing root branching with decreasing 02 level (6, 10, 16, 18) .
Under natural conditions in soils, the 02 supply to the roots is controlled by the 02 diffusion through the soil (6, 23) , the rate of diffusion depending largely on the soil water content (24) . Frequent changes in the degree of aeration, caused mainly by increasing or decreasing water content of the soil, result in the roots being subjected to very low levels of 02 in water-saturated soils and a relatively favorable supply under drier conditions. But there have been no investigations on the effect of changing aeration on root growth, although this effect is one of the main characteristics controlling the 02 supply to roots under natural conditions. An attempt was therefore made to study root growth responses to changing aeration. The adaptation of the root morphology to prevailing soil conditions has been emphasized as an important feature in the uptake of water and nutrients from the soil ( 14, 19) . The results of the present investigations will therefore be expressed in values which describe the root habit in terms of root elongation, root length, number of laterals and density of the root system, rather than in terms of fresh weight or dry matter production.
Materials and Methods
Peas in water culture were used as test plants. (11) . In some experiments, the living roots were stained in order to measure their elongation after a change in the aeration treatment. The roots were dipped for less than a minute in a solution of tannic acid (0.3 %) and then for a few seconds in ferric sulfate solution (0.1 %), this treatment resulting in a slightly bluish color of the root epidermis which could thus be distinguished from the additional growth occurring after the staining procedure. This treatment may result in a slight damage to the meristematic tissue which, however, can be neglected since all plants were treated similarly and the root elongation was obviously not much affected.
With the exception of the stained roots, different samples were used for measuring the root characteristics before and after treatments or before and after growth periods. (3, 15) confirm that low O2 concentrations or even 02 free media, while stopping root growth, do not kill roots. Consequently, it should be assumed that the internal 02 supply from the shoot to the roots (4, 7) is large enough for the maintenance of the full viability of the latter. The -findings by Schramm (21) that the respiration rates of roots from aerated and nonaerated cultures did not differ markedly would support this assumption. It therefore seems possible that there exists a physiological distinction between the external 02 supply, which is formatively effective, and the internal 02 supply, which maintains the viability of the root tissues.
GEISLER-EFFECT OF OXYGEN ON ROOTS
As investigations by Amoore (1,2) and Kojima (13) have shown, lack of 02 inhibits cell mitosis whereas its effect on cell elongation seems to be relatively small (13) . Responses of mitotic processes to 02 may occur within periods as short as 15 minutes as has been demonstrated in shoots (18) . It seems therefore possible that the energy needed for cell division is normally supplied by processes using the external 02 supply, whereas the internal O2 supply is reserved for the maintenance of cell viability. It has been speculated that the respiratory mechanism may differ under different environmental conditions (22) , and a distinction between a ground respiration and a respiration activated from outside has been suggested in connection with the uptake of nutrients (17) .
The results of the experiments reported show that the development of lateral roots is positively correlated with the length of root from which the laterals originate, which results in a higher absolute number of laterals in aerated cultures. However, the density of the root system is greatly enhanced by reducing 02 supply owing to a higher number of laterals per unit root length and to an accelerated development of laterals. In this way the root habit is greatly changed by aeration. It seems unlikely that the effect of 02 on root branching is a direct one; rather this phenomenon should be considered in view of the interactions between the growth of the root tip and the development of laterals.
In applying the present findings to field conditions, it has to be taken into account that a continuously aerated water culture probably offers a better 0. supply to roots than can ever be achieved in the field. On the other hand, nonaerated cultures can be compared with a soil environment offering a highly reduced 02 supply, such as a water-saturated soil. However, waterlogged soils are detrimental to roots not only owing to 02 deficiency but also because of (20) confirm that as the soil water content begins to decrease, root elongation is stimulated.
Root branching seems to be equally closely correlated with the soil water content, branching activity and high root density being favored with decreasing aeration; this would resemble the situation in soils with high water contents. The development of a dense root system in moist soil zones is well knoxvn.
Summary
Pea roots in water cultures were subjected to different aeration conditions. Root elongation and root branching were strongly affected by the air supply, elongation being favored by increasing aeration and branching activity by decreasing aeration. By changing the aeration conditions from full aeration to no aeration and vice versa it was shown that the extent of root elongation depends on the availability of oxygen. However, it appears that the viability of the root tissues is independent of the external oxygen supply, thus allowing an undisturbed growth potential under extreme shortage of external 02. The formative influence of oxygen on root branching is characterized by a greatly enhanced root density due to a higher number of laterals per unit root length producing them and accelerated development of laterals of a higher order.
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